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In a previous article (1) the authors reported the protection of bacteriophage 
T1 against inactivation by x-rays in high concentrations of ammonium sulfate. 
Various  aspects of the phenomenon  were considered,  and  it  was  concluded 
that dehydration was the chief factor operating in the protection. Investiga- 
tions along this line  have been continued in an attempt to elucidate further 
the mechanisms involved. A  study of the protective values of various salts, 
chosen  for  their  particular  physiochemical  properties,  has  been  undertaken 
in a wide range of concentrations. 
The influence  of pH during x-irradiation  under the conditions of these ex- 
periments has been found to be considerable,  and should be of great interest 
to radiobiologists,  since,  as Part (2)  has pointed out,  the influence of pH on 
radiosensitivity is at present poorly defined. 
In line with the target theory, an ionization in a sensitive volume of a bio- 
logical  entity  constitutes  a  hit  and  produces  an  inactivation.  Inactivation, 
however, may result either from a direct hit or from the indirect effects of ir- 
radiation. Indirect effects are generally considered  those which result from the 
action of the products of the irradiated medium, or cell contents, on the sensi- 
tive site of the biological  entity. The concept of indirect action has been ex- 
tended further to include effects of reactive products formed within the virus 
particle itseN, but outside of the sensitive volume (3). In the present paper, 
however, we limit the consideration of indirect effects to those attributable to 
the aqueous medium in which the viruses were irradiated.  Since direct effects 
are independent of the influence of the medium, it is difficult to alter the direct 
effects of a given dose of x-rays. The indirect effects, however, may be partially 
or wholly eliminated by the addition of protective agents to the aqueous en- 
vironment of many biological systems. It is for this reason that the chemistry 
of irradiated  water has challenged  the interest  of radiation  biologists. 
The present study attempts a  test of probable hypotheses by the addition 
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of protective solutes  in  various concentrations to  the aqueous medium  of a 
simple biological system, bacteriophage T1, which is less likely to obscure ele- 
mentary radiation processes than more complex biological systems. 
Fro.  1.  Diagram  of a  device for controlling  and  recording  temperature during 
x-irradiation of small samples: (-4) x-ray tube, (B) x-ray beam, (C) beryllium window, 
(D) x-ray tube housing,  (E) sample,  (F) evacuation outlets, (G) spring-ball  to hold 
device accurately positioned,  (fir) metal chamber containing temperature-controlling 
liquid,  (/, .7)  outlet and inlet for temperature-controlling liquid,  (K)  thermocouple 
lead wires, (L) potentiometer, (M) centrifugal pump, (N, O) hose line connections to 
and from constant temperature bath. 
Materials and Methods 
Bacteriophage T1, specific for Esdterichia  coll,  strain B, was used as the test or- 
ganism in all experiments. The methods of cultivation were those outlined by Adams 
(4).  The virus stock consisted  of the filtered,  cell-free lysate of T1, incubated 24 
hours with E. cali in a chemically defined medium, adjusted to pH 6.8, as described 
in an earlier  report (1). The stock of viruses consisted of 2  ×  108 particles per ml., C.  S.  BACHOlrER AND M.  A.  POTTINGER  665 
and was diluted  1:100 in the various solutions,  giving working stocks of 2  X  106 
particles per mL for both irradiated samples and controls.  Effects attributable to the 
chemical composition of the original  lysate, which had been diluted  100-fold during 
the  experimental  treatment,  were  not  discernible  in  the  tests  conducted,  and,  if 
present, were at least constant in all procedures.  Baker analyzed reagents were used 
in all solutions,  which  were brought into equilibrium  with oxygen at 25°C.  Water, 
doubly distilled  in pyrex glass,  was used for all solutions.  The data included  here 
were procured from 1856 Petri plates with an average of 200 plaques per plate. 
Irrad/ation.--The x-ray tube with tungsten  target was operated at  100 kv. and 
8 ma. with a 1 ram. Be window serving as the only filtration. A dose of 12,500 roent- 
gens per minute was delivered at the center of the 1 ml. sample of the virus suspension, 
which was 1.8 ram. deep. The sample was contained in fiat-bottom vials 2.7 ram. in 
diameter and was exposed at a distance of 6.7 cm. from the target. The problem of 
filtration by the solutions  themselves has been evaluated in a similar situation  (1). 
Each sample was irradiated 3 minutes, giving a total dose of 37,500 r, unless  other- 
wise noted. Fractionation of dose,  or prolongation of dose at lower intensity, gave 
lower  survivals, even though  the  total dose delivered was  the same. This follows 
logically from the fact that we are dealing to a great extent with indirect effects, and 
the time factor both during and after irradiation is important. The continued dele- 
terious effects  of the irradiated  medium were stopped by the addition  of nutrient 
broth in 3 X 10  -~ concentration exactly 10 seconds after the cessation of x-irradiation. 
Since fluctuations in temperature have been found to have considerable  effects  on 
survival during irradiation,  the experimental material was held at a  constant  tem- 
perature of 25°C.  for the duration of the irradiation. This was made possible  by a 
constant temperature apparatus attached to the x-my tube (Fig.  1). By means of a 
constant temperature water bath and a centrifugal pump, a uniform stream of water 
was kept circulating through an outer metal container in which  the vials  were held 
in place during irradiation. This easily retractable metal chamber gave precise posi- 
tioning of samples and no loss of time in the postirradlation procedures. 
Lest it might appear that the salts themselves might be affecting the adsorption of 
the viruses, and hence their survival, it should be noted that a control paralleled in 
all respects each irradiated sample, except that it received no x-rays. Moreover, all 
samples were considerably diluted in broth before plating, and the actual adsorption 
of phage to bacteria took place in a broth-agar medium, as outlined by Adams (4). 
Experimental Results 
Ammonium Sa/Is.--Fig. 2  summarizes the chief results obtained by irradi- 
ation of T1 suspended in various molarities of four ammonium salts, namely, 
NH4NO2,  NH~NOs,  (NH0~SO4,  and NI44C1.  When  the  fraction  surviving is 
plotted against the molarity of the salt, a similarity in general pattern results. 
The nitrate ion, which possesses resonance, and the nitrite ion, which is a  re- 
ducing  agent,  both  offer considerably  higher  survivals than  the  sulfate and 
chloride ions. The significance of these points, together with oxidation of am- 
monia,  hydrogen  ion  concentration,  and  dehydration,  will  be  considered  in 
the Discussion. 666 
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Fro. 2. Survival of bacteriophage T1 after 37,500 r of x-rays, plotted as a function 
of molarity of the four ammonium salts, NH~(h, NH~0s, (NI-I0=S04, and NHsC1, 
in which the viruses were irradiated. 
Metallic Salts.--Survival curves obtained by irradiation of T1  in solutions 
of CaCI2, MgSOi, and NaCI (Fig. 3), in conditions parallding those with the 
ammonium salts,  show a  significant difference, both in protective ability and 
in the particular concentrations in which protection is accomplished. Protec- 
tion comparable to that obtained with ammonium salts was obtained in con- 
centrations of 10  -8 to  10-1 M.  It is impossible, however, to secure protection tO  ° 
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FIG. 3. Survival of bacteriophage TI after 37,500 r of x-rays, plotted as a function 
of molarity of the metallic salts, CaCI2, MgS04, and NaC1, in which the viruses were 
irradiated. 
of the order of magnitude obtained with the ammonium salts in higher con- 
centxations, in which,  in  the  case of the  metallic salts,  survival  drops pre- 
cipitously. These differences may be attributed to  the mechanisms involved 
in ion exchange, or, binding of cations, as will be pointed out in the Discussion. 
The possibility of an irreversible saturation and blocking of adsorption sites 
will also be considered. 668  HIGH IONIC CONCENTRATIONS AND X-IRRADIATION 
Nitrate  Salts.--The  high  survival for NaNOa  (Fig.  4)  compares favorably 
with  that obtained with NH4NOa  (Fig.  2).  The similarity of the two curves 
suggests that NO3- has an effect which both overshadows the favorable effect 
of NH4  + previously noted and counterbalances the less favorable effect of the 
I0 ° 
iO-I 
3  c~ 
I0": 
u~ 
.j 
I0  ~ 
i0-~ 
o-.,-o  NON02 
~l&  NON08 
FIG. 4. Survival of bacteriophage T1 after 37,500 r of x-rays, plotted as a function 
of molarity of the nitrate and nitrite salts of sodium in which  the viruses were ir- 
radiated. 
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metallic  ion which is shown in the case of NaC1 (Fig. 3).  These phenomena 
may be due to the fact that the nitrate ion possesses resonance, whereas the 
other anions used with metallic salts do not possess resonance. 
Nitrite Salts.--Again,  in the case of the nitrite salts,  there is a similar ob- 
scuring of the effect of the sodium and ammonium ions. The nitrite ion in com- 
bination with either sodium (Fig. 4) or ammonium (Fig. 2) enhances the sur- 
vival greatly over that obtained with either NaC1 (Fig.  3)  or the sulfate or 
chloride combinations  with the ammonium ion (Fig.  2). This extremely high 
survival  we attribute to the fact that the nitrite ion functions as a reducing 
agent, and to this may be added the factor of a favorable pH (Table II). 
Effects of pH.--In view of the importance of pH in many biochemical re- 
actions, a series of experiments was performed in which T1 was irradiated in 
varying concentrations of NH40H  which  provided a  pH  range of approxi- 
mately 8 to 12. The results  are shown in Fig.  5. NH4OH  exerted  a  distinct 
protection for a pH range of approximately 9 to 12, although there was a pre- 
cipitous  drop in survival below pH 9. Control samples showed tlmt NH4OH 
produced no deleterious  effects on T1  survival within the time limits of the 
experiments.  Similar results could not be obtained with NaOH. The survival 
of both the controls and irradiated samples was so extremely low above pH 8 
as to have no significance. Below pH 8 the survival  of controls was not ap- 
preciably  affected, but irradiated samples fared worse than in distilled  water. 
The data on NaOH-adjusted solutions,  therefore,  are not included. 
Because of former work with (NH4)sSO~, it seemed expedient  to determine 
to what extent the 2000-fold protection previously  reported (1)  could be en- 
hanced by adjustment of pH. NH4OH and H2SO4 were used to adjust the pH 
of the (NH4)2SO4 solutions,  since these  chemicals would not introduce other 
ions  than those responsible for the acid-base relationship.  The readings were 
made on a Beckman model G pH meter at 25°C. 
A study of Fig. 5 shows that pH has a profound effect on survival  of ir- 
radiated T1  in the three selected  concentrations  of  (NH,)2SO,.  Unadjusted 
solutions  fall roughly within the range of pH 6. The survivals  given for pH 
6.0 are, therefore, a rather clear indication of the protective power of (NH02SO4 
alone,  quite independent of the pH adjustment. The similarity of the curve 
for 10  -4 M (NH4)2S04 to that obtained with NH,OH suggests that the salt has 
little protective power of its own in this concentration,  but protects by reason 
of the adjusted pH. The protective  power of 10-~  (NH4)sSO4, which is con- 
siderable, can be enhanced by raising the pH. The situation with 3 ~ (NH4)2SO4, 
however, is quite different. The unadjusted salt solution in the range of pH 6 
affords the greatest protective power.  Any adjustment toward either greater 
alkalinity or greater acidity decreases the survival  during x-irradiation.  The 
fact that 10  -~ and 10  -4 ~  (NH4)2SO4 protection can be  enhanced by a higher 
pH, whereas 3 ~  (NH4)2SO4 protection is adversely affected by any change in 670  ]tIGlqr  IONIC  CONCENTRATIONS AND  X-IRRADIATION 
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FIG. 5. Survival of bacteriophage T1 after 37,500 r  of x-rays, plotted as a  function 
of the hydrogen ion concentration of the medium in which the viruses were irradiated. 
The pH of (NI~)~SO~ was adjusted with H~SO4 and NH4OH. 
pH, suggests that at least two different mechanisms are operative in (NH4)2SO4 
protection. 
With the information obtained from the adjustment of the pH of (NH4)~SO4, 
it did not seem necessary to adjust aU salts used.  Readings of pH were taken, 
however, for each  salt in each concentration  employed throughout  the  work. 
The salient points in the results are presented in Tables I  and II. C.  S. BACHO]FER  AND  M. A. POTTINGF,,R  671 
Relative  Protective  Values of Inorganic Salts.--According to the current con- 
cepts of radiation  chemists,  a  maximum  of irradiation  injury due  to indirect 
effects may be expected on organisms suspended in an aqueous medium when 
TABLE I 
Rela~ie¢ Pro~eaive Abi~y of Inorganic Salts in  Various Co~entratlous 
Protective ab'dity = D, -- D,; Dt ~- dose in roentgens required to give 37 per cent survival 
in presence of designated salt; D2 =  dose in roentgens required to give 37 per cent survival 
in distilled water. 
Conceil- 
tsation 
of salt 
Sat. 
lx 
10-~ u 
10-2 x 
lO-I 
m--,u 
10-6 v 
Inorganic  salt 
Unadjusted pH range 
4.7-6.1  4.9.-6~ 
--610  16,930 
3,900  21,670 
8,230  23,610 
P,080  29,080 
3,690  24,830 
1,000  2,480 
110  1,161 
--220  1,240 
6.5-8.$  6.8-8~  5.3-6.3. 
~J  ......... 
*  101,830  23,530 
*  99,530  19,530 
50,33(]  93,030  13,130 
50,030  ! 71,930  8,900 
48,730[ 69,330  2,180 
14,17¢  20,310  250 
92C  1,300  180 
20C  920  70 
$.5-6.5  6.5.-7.5 $.4-6.7 
$  54o  -90 
13(]  950  --6C 
2,590  2,430  3,21(] 
5,78(]  2,830  1,45(] 
1,77(]  2,690  31(] 
84C  1,310  290 
--17(}  --70  25(] 
4.9-6.2 
§ 
~13,430 
19,440 
11,220 
2,920 
1,090 
540 
4.8-6.3 
1,00( 
I1 
1,09f 
78C 
18f 
-20 
--34( 
-48¢ 
* Could not be procured in these concentrations. 
Very toxic in these concentrations. 
§ Continued drop in survival with considerable fluctuation. 
[l:Solutions become saturated at less than 3 ~r. 
TABLE II 
Rdaflve Protex$i~e Ability agalns~ X-Rays A ~orded by Inorganic Salts Adjusted to Var~w,s pH 
Values, De~cvmined ~iJh Baaeriophage TI 
Protective Ability  I  Dt -  Ds; Dt and Ds as in Table I. 
InorGanic  salt  Concen. 
~ra~lo~ 
(NH~)2S0~  3 K 
,,  10-2 
-  10~x 
MgSO4  2.3 u 
Na~S0,  Sat. 
NH,OH  Varied 
3,800 
-280 
-495 
490 
Adj~t~pH 
5  6 
7,030 23,180 
250  2,180 
--400  --200 
560  61(} 
590  65(} 
t4,530 
8,130 
270 
760 
800 
8  9  10 
7,43(}  4,250  I 
s7,030[50,33c 
30,92(}3,61(] 27,300r4,93C 
1,00c  1,350] I,~C 
1,68G ~.5,830132,83(] 
11  12 
39,430 
27,300 
31,830 31,83C 
no  other  substance  is  added  to  counteract  the  damaging  properties  of  the 
products of water  decomposition.  Substances  added  to the  system may pro- 
tect  the  organisms,  be  practically  ineffective,  or actually exert  a  deleterious 
effect. Tables I  and II show the magnitude of the dose in roentgens required 672  HIGH  IONIC  CONCENTRATIONS  AND  X-IRRADIATION 
to give 37 per cent survival of T1  when irradiated in a  given salt solution, 
over and above the dose in roentgens required  to give 37 per cent survival in 
distilled  water. Hence,  in the tables,  the positive  values indicate the relative 
protection afforded by the salt over that in distilled water, whereas the nega- 
tive values indicate a sensitization  of the viruses not encountered  in distilled 
water. 
DISCUSSION 
Dehydration.--When ions are added to suspensions such as those of colloidal 
or viral particles,  there is a dehydrating effect which increases with increased 
ionic concentration. When highly hydrated salt ions together with less hydrated 
virus particles are irradiated, it appears that the incident energy may be partly 
dissipated in the ion atmospheres of the highly hydrated salt ions in preference 
to the region of less hydrated virus particles.  A more detailed discussion has 
been given previously (1). 
Impaired D/ff~ion.--Since  electrolytes  may  be  incompletely  dissociated 
in spite of the fact that they are completely ionized, the ions are not free to 
move  independently, but  are  electrostatically associated  and  tend  to  form 
ion clusters. As the opposite charges are brought closer together with increased 
concentration, the inertia, or resistance  to change  in configuration,  becomes 
greater also. Such inertia tends to impair diffusion rates. 
In an aqueous  solution  there is an orientation of the water molecule in the 
immediate locus of an ion or particle of the solute. The result is an assemblage 
of orientated molecules held within the effective radius, or limits of the electro- 
static field, of an ion or charged particle.  Thus any ion or charged particle in 
a static position is surrounded by an ion atmosphere  which possesses a certain 
inertia and slows down diffusion and other kinetics, since it carries with it an 
oppositely charged  halo which is incapable  of instantaneous readjustment. 
Since the life of the reactive agents formed during x-irradiation  may be of 
the order of 10  -z~ seconds, restrained mobility or impaired diffusion will favor 
recombination  of the decomposition products of the medium. It is here sug- 
gested  that  these  factors may provide  a  mechanism  of protection  against 
x-irradiation in virus systems. Dissipation  of energy within an ion atmosphere 
by other means than recombination  is, of course, probable. 
/on Exd~nge.--With increased concentration of the salts,  the positive por- 
tion of the water molecules on the surface of the virus becomes progressively 
replaced by the cations,  until saturation of all available sites may take place. 
Fig. 3 shows that as the concentration of the metallic ions is increased, pro- 
tection is increased  up  to a  point,  beyond which further saturation renders 
the viruses more susceptible to x-rays. This is very pronounced  in the case of 
the metallic salts,  with slight indications  in the case of the ammonium salts 
(Fig. 2). How may the increase and subsequent decrease be explained? Keeping 
in mind the mechanics of dehydration and ion exchange, we find (5) that cations C.  S.  BACHO]~ER  AND  M.  A.  POTTINGER  673 
tend to hydrate a colloid, while the opposite effect is true of anions.  A highly 
hydrated anion is a  salting-out ion,  or a precipitating  ion;  a highly hydrated 
cation is a salting-in  ion, which will increase  the solubility of a  colloid. Given 
the readiness of the viruses to form complexes with the metallic ions, it seems 
possible that  both  factors are  operating,  both  dehydration  and  hydration. 
The protection afforded by dehydration reaches a peak, but beyond that point 
declines, with the drop possibly associated with the action of the cation. Since, 
however, without subtle distinctions between cation and anion activity, it is 
commonly held that lower concentrations hydrate while higher concentrations 
dehydrate, other interpretations are not excluded. 
Another  explanation  seeks a  rather  different mechanism.  Puck  et  at.  (6) 
have shown that the rate of adsorption of T1 to E. coli in solutions of CaCh 
and NaCI increases  as the concentrations of Ca  ++ and Na  + rise  to  10  "~ and 
10  "~ respectively. A rapid decline ensues with higher concentrations, since the 
adsorbed cations  interfere  with adsorption  to  the host.  When  the excess  of 
ions is eluted with nutrient broth, adsorption proceeds normally. In our work, 
all dilutions subsequent to irradiation were made in nutrient  broth. The pos- 
sibility  remains  that  the  irradiated  virus-cation  complex  may  have  been 
rendered  irreversible,  thus defying elution in broth,  with  the resultant  drop 
in survival, as shown in Fig. 3. 
This latter explanation of the curves in Fig. 3 envisions  two distinct proc- 
esses:  (1) increasing  protection against  x-rays with  increasing  concentrations 
of salts, accounting for the rise in the curves, and (2) irreversible  adsorption of 
Ca++ and Na  + to the irradiated viruses,  which,  in lower ionic concentrations, 
does not interfere with adsorption of T1 to E. coli, but in higher concentrations 
blocks this  adsorption.  This  blocking  of adsorption  obscures the  protection 
afforded by the metallic salts and  causes the survival  to drop precipitously. 
The low binding affinity of the ammonium ion for protein, however, may ac- 
count for its effective protection even in high concentrations. 
Nitrite and  Nitrate Salts.--Although  the  sulfate and  chloride  ions appear 
to have no great protective value in the examples  cited, Fig. 4 indicates that 
certain anions may exert a profound influence. The nitrite salts are capable of 
acting as reducing  agents.  Our results  (Figs.  3 and  4)  show that  protection 
affolxled by NaNO, is  approximately a  hundredfold  greater  than  by NaCI. 
In addition to its action as a reducing agent, the salt has a favorable pH (Table 
I). The correspondingly higher  survival with  the  nitrite  salt of ammonium, 
as  compared  to  the  sulfate  or  chloride  salts  of  ammonium,  is  shown  in 
Figs. 2 and 4. 
The protection afforded by NaNO3, considerably higher than that by NaC1 
or Na~SO,, is remarkable in that Part (2) states that NaNO3 is not protective. 
This high protection given by the nitrate ion is here postulated to rest in part 
on the fact  that  the ion possesses  resonance.  The  ion exists in a  normal  or 
ground state at a  lower energy level than that possessed  by any of the other 674  HIGH  IONIC  CONCENTRATIONS  AND  X-IRRADIATION 
electronic configurations possible to it. Since more energy is required to excite 
such an ion, resonance confers stability and lowers its reactivity. Much of the 
incident energy is dissipated in raising the energy level of the nitrate ion, and 
is not expended in the inactivation of the viruses. The evidence presented here 
is considered insufficient, however, to argue strongly for this interpretation, 
and plans are being made to investigate this point further. 
Effects of pH.--Two  possible  explanations  for  the  results  obtained  with 
varying pH are here offered. The amount of H~O2 produced depends on file 
pH during irradiation with x-rays (7).  A higher survival, therefore, might be 
expected with increased alkalinity. Even if the total amount of H~O2 produced 
by our irradiation is adequate to account for the degree of inactivation here 
reported,  still the change in amount of H20~ produced with change in pH is 
inadequate to account for the precipitous changes in survival of T1 shown in 
the various experiments. 
The results with NH4OH (Fig. 5) could not be duplicated with NaOH. This 
corresponds with results obtained with nucleotides (8)  which were protected 
from ultraviolet by NH4OH at pH  9.0 and above,  but were inactivated by 
NaOH. The complete relationship is not dear, but the facts observed suggest 
that NH4OH exerts a  stabilizing effect on the viral nucleoprotein as well as 
upon the products of nucleoprotein hydrolysis, the nucleotides. 
The formation of nitrite  upon x-irradiation of (NH~)2SO4 has  been  shown 
(9) to be pH-dependent, giving curves similar to our pH curves (Fig. 5) when 
the yield of nitrite is plotted as a function of pH. A series of events, favorable 
to protection of bacteriophage against x-irradiation, follow upon x-irradiation 
of (NH4)~SO4 in aqueous solution. Two of these are well established: (1)  oxi- 
dation of the ammonia of the ammonium sulfate to nitrite, and (2)  oxidation 
of the nitrite to nitrate. All three products, ammonium, nitrite, and nitrate, 
have been shown to be efficient protectors. 
In conclusion, we note that it is not certain whether high ionic concentra- 
tions interfere with the actual production of harmful radicals and peroxides. 
Once formed, however,  these products of irradiated water appear  to be  im- 
peded in their diffusion as well as in their ability to react with the viruses be- 
cause  of the high  ionic  concentration of the  medium,  some mechanisms of 
which have been proposed. 
We acknowledge valuable discussions with Dr. Harold H. Dewhurst of the Radia- 
tion Chemistry Project at the University of Notre Dame. We also acknowledge the 
excellent technical services of Charles W. Allen. 
SUMMARY 
Various levels of protection against x-irradiation damage in l~acteriophage 
T1  may be obtained by the addition of inorganic salts to the aqueous virus 
suspensions during irradiation. C. S. BACHOFER  AND  M. A. POTTINGER  675 
The highest survival values are  obtained with the nitrite salts,  and  their 
protective power is attributed primarily to their function as reducing agents. 
The  nitrate  ion  shows  greater  protection  than  the  corresponding  sulfate 
or chloride ions. This may be due in part to the lower energy level of the nitrate 
ion, by reason of resonance. Since greater expenditure of incident energy is 
required to raise the ion from the ground state,  the energy thus dissipated 
may be ineffective in the inactivation of virus particles. 
The ammonium salts exhibit protection of a  different order of magnitude 
from that of the metallic salts. It is postulated that NHI  + protects in a three- 
fold way: (a)  dehydration, (b)  reduction, in which the ammonia is oxidized 
to nitrite and the nitrite to nitrate, and (c) stabilization of the virus protein. 
Metallic salts likewise protect, but a point of maximum protection is reached 
in lower concentrations than in the case of the ammonium salts.  After this 
maximum protection is reached, there is a  rapid decline in survival with in- 
creased  concentration.  This  prevents  protection  of  the  order  of magnitude 
that can be obtained with the ammonium salts. It is postulated that a specific 
cationic interaction with the phage may be responsible for the decreased pro- 
tection. 
Bacteriophage is protected during x-irradiation by an alkaline pH,  in the 
case  of NH,OH.  This  protection  could  not  be  produced with NaOH,  pre- 
sumahly because of the greater hydrolysis of the protein components of the 
vires particle in solutions of NaOH,  whereas NH4OH stabilizes the protein. 
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